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^R EMOVAL OF SULPHUR COMPOUNDS FROM HYDROCARBON STREAMS 
USING ADSORBENTS AND REGENERATION OF THE LOADED 

ADSORBENTS 



The present invention relates to a process for the 
removal of sulphur compounds from a hydrocarbon stream, 
especially a gaseous hydrocarbon stream, comprising said 
sulphur compounds, which process comprises contacting 
said gas stream with an adsorbent comprising a zeolite 
having a pore diameter of at least 5 A to adsorb the 
sulphur compounds thereon, the adsorption process 
followed by a regeneration process of used, loaded 
adsorbent by contacting the said loaded adsorbent with a 
regeneration gas stream comprising a certain amount of 
water. The invention further concerns a process for the 
regeneration of adsorbent comprising a zeolite having a 
pore diameter of at least 5 A loaded with sulphur 
compounds by contacting the adsorbent with a regeneration 
gas stream having a relative water humidity less than 
100%, especially less than 80%. The above described wet 
regeneration processes are suitably followed by dry 
regeneration processes. 

The removal of sulphur-containing compounds from 
hydrocarbon streams comprising such compounds has always 
been of considerable importance in the past and is even 
more so today in view of continuously tightening process 
requirements and environmental regulations. This holds 
not only for natural gas streams to be used for e.g. the 
preparation of synthesis gas or for residential use or to 
be transported as liquefied natural gas, but also for 
natural gas liquid streams, natural gas condensate 
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streams as well as for crude oil derived refinery streams 
containing sulphur compounds. 

Sulphur contaminants in hydrocarbon streams include 
hydrogen sulphide , carbonyl sulphide, mercaptans, 
sulphides, disulfides, thiophenes and aromatic 
mercaptans, which due to their odorous nature can be 
detected at parts per million concentration levels. Thus, 
it is desirable for users of such natural gas and 
refinery streams to have concentrations of total sulphur 
compounds lowered to e.g. less than 20 or 30 ppmv or less 
than 50-75 mg S/Nm 3 , the amount of non-hydrogen sulphide 
compounds lowered to e.g. less than 5, or even less 
than 2 ppmv or less than 12 mg S/Nm 3 or even less 
than 5 mg S/Nm 3 . 

Numerous natural gas wells produce what is called 
"sour gas", i.e. natural gas containing hydrogen 
sulphide, mercaptans, sulphides and disulfides in 
concentrations that makes the natural gas unsuitable for 
direct use. Considerable effort has been spent to find 
effective and cost-ef f icient means to remove these 
undesired compounds. In addition, the natural gas may 
also contain varying amounts of carbon dioxide, which 
depending on the use of the natural gas often has to be 
removed at least partly. Streams used and obtained in 
refineries, especially hydrogen containing streams 
obtained in hydrodesulphurisation processes and obtained 
in hydrocarbon reforming processes as well as obtained by 
partial oxidation of sulphur containing feed streams, 
often contain the sulphur compounds as described before. 

A number of processes are known for the removal of 
sulphur compounds and optionally carbon dioxide from 
hydrocarbon streams. These processes are based on 
physical and/or chemical absorption, chemical reaction 
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and/or solid bed adsorption. Physical and/or chemical 
absorption processes, often using aqueous alkaline 
solutions, usually are able to remove hydrogen sulphide 
and, when carbon dioxide is present, a large amount of 
the carbon dioxide, in some cases even complete removal 
of the carbon dioxide is obtained. However, the complete 
removal of sulphur compounds as mercaptans, sulphides and 
disulphides is much more difficult. Chemically reacting 
processes in general are able to remove carbon dioxide 
and/or hydrogen sulphide without large difficulties; 
however, they suffer from the fact that they do not 
effectively remove mercaptans, sulphides and disulfides 
and often produce large amounts of useless waste (such as 
non-regenerable adsorbents) . Regenerable solid bed 
adsorption processes are very suitable for the removal of 
the larger sulphur compounds such as methyl mercaptan, 
ethyl mercaptan, normal and isopropyl mercaptan and butyl 
mercaptan. However, the regeneration of the adsorption 
beds is often a considerable problem. A gradual decrease 
in adsorption capacity is caused by ageing of the 
adsorbents. Several types of ageing exists: thermal 
cycling, hydrothermal ageing, and contamination, often 
caused by co-adsorption of species and coke formation on 
the surface of the adsorbent. 

It has now been found that when the sulphur loaded 
adsorbent is regenerated in the presence of a relatively 
low amount of water, the degradation/ageing of the said 
adsorbent is significantly reduced. In view of the 
relatively low amount of water present, hydrothermal 
ageing appears to be very low, while the formation of 
coke is considerably decreased. Thus, the economic life 
of the adsorbent inventory is extended, or, alter- 
natively, a smaller adsorbent inventory can be used for 
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the process when compared to a normal accepted industry 
dry gas regeneration process. 

The present invention therefore relates to a process 
as described in claim 1. 

Very suitably the hydrocarbon stream to be treated is 
a gaseous hydrocarbon stream, especially a natural gas 
stream, an associated gas stream, or a refinery gas 
stream. Natural gas is a general term that is applied to 
mixtures of inert and light hydrocarbon components that 
are derived from natural gas wells. The main component of 
natural gas is methane. Further, often ethane, propane 
and butane are present. In some cases (small) amounts of 
higher hydrocarbons may be present, often indicated as 
natural gas liquids or condensates. Inert compounds may 
be present, especially nitrogen, carbon dioxide and, 
occasionally, helium. When produced together with oil, 
the natural gas is usually indicated as associated gas. 
Hydrogen sulphide, mercaptans, sulphides, disulfides, 
thiophenes and aromatic mercaptans may be present in 
natural gas in varying amounts. Refinery streams concern 
crude oil derived gaseous hydrocarbon streams containing 
smaller or larger amounts of sulphur compounds. Also 
recycle streams and bleed streams of hydrotreatment 
processes, especially hydrodesulphurisation processes, 
may be treated by the process according to the present 
invention. 

The process of the invention may also be used for the 
removal of the sulphur compounds from liquid hydrocarbon 
streams as natural gas liquids streams, natural gas 
condensate streams and crude oil derived refinery 
streams, especially natural gas liquids streams and 
natural gas condensate streams. Natural gas liquids 
are well known in the art (see for instance 
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The Petroleum Handbook, Elsevier, 
Amsterdam/London/New York, 1983, p. 555) and 
contain hydrocarbons heavier than methane, usually 
contain C3-C12 compounds, often more than 50 wt% 
being C 4 -C 10 compounds. Natural gas liquids (NGL) are 
suitably produced directly at the well head by separating 
the production stream from the subsurface formation at 
high pressure (usually between 40 and 90 bara) into a 
gaseous stream, an aqueous stream and a liquid 
hydrocarbon stream (the NGL stream) . Cooling the gaseous 
stream usually results in a further amount of liquid 
products (condensates), mostly consisting of C4-C12 
compounds, usually at least 50 wt% C 5 + hydrocarbons. 
Suitable refinery streams are distillation fractions 
boiling in the naphtha, kero and diesel ranges 
(e.g. boiling ranges between 30 and 380 °C) , as well 
as heavy gas oils and recycle oils (e.g. boiling 
between 250 and 450 °C) . 

The sulphur compounds which may be removed by the 
process of the present invention are in principle all 
compounds which are adsorbed by adsorbents comprising 
zeolites having a pore diameter of at least 5 A. 

Usually the sulphur compounds are hydrogen sulphide, 
carbonyl sulphide, mercaptans, especially Ci-Cg 
mercaptans, organic sulphides, especially di-Cx-C^alkyl 
sulphides, organic disulphides, especially di-Ci-C 4 -alkyl 
disulphides, thiophene compounds, aromatic mercaptans, 
especially phenyl mercaptan, or mixtures thereof, 
preferably mercaptans, more especially C1-C4 mercaptans. 
The invention especially relates to the removal of methyl 
mercaptan, ethyl mercaptan, normal- and iso-propyl 
mercaptan and the four butyl mercaptan isomers. In the 
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process of the present invention hydrothermal ageing and 
the formation of carbon on the zeolite adsorbent is 
particularly low in the case of regeneration of adsorbent 
loaded with these lower alkyl mercaptans. 

The starting hydrocarbon stream may contain any 
amount of sulphur compounds, but in general, the total 
amount of sulphur compounds will be up to 3 vol% based on 
total gas stream, is preferably up till 1.5 vol%, more 
preferably up till 0.1 vol%, still more preferably 
between 1 and 700 ppmv, most preferably between 2 and 
500 ppmv. Higher amounts of sulphur, especially when it 
concerns mainly hydrogen sulphide, can be removed by the 
process of the present invention, but are more suitably 
removed by washing processes in which chemical and/or 
physical solvents are used 

The starting hydrocarbon stream can be a dry 
hydrocarbon stream, but, especially when it is a gaseous 
hydrocarbon stream, may contain a certain amount of 
water. Especially in the case of natural or associated 
gas the stream will be saturated with water. 

In the case that water is present in the hydrocarbon 
stream, a more efficient process is obtained when the 
water is removed before the removal of the sulphur 
compounds, preferably by adsorbing the water on a zeolite 
having a pore diameter of less than 5 A, preferably a 
pore diameter of 3 or 4 A. In such zeolites hardly any 
sulphur is adsorbed, only water is adsorbed. In general, 
the capacity of such zeolites is higher than larger pore 
zeolites. The amount of water to be removed may be small 
or large, but preferably at least 60 wt% of the water is 
removed, preferably 90 wt%. Very suitably water is 
removed to a level of less than 1 %v in the treated gas, 
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preferably less than 100 ppmv, more preferably less 
than 5 ppmv. 

Especially in the case of natural and associated gas, 
a considerable amount of the total amount of sulphur 
compounds is formed by hydrogen sulphide. Amounts of up 
to 10 or even 20 vol% or even more of hydrogen sulphide 
may be present. Further smaller or larger amounts of 
carbon dioxide may be present. Sometimes amounts of up to 
10 or even 20 vol% or even more of carbon di6xide may be 
present. Suitably the gas stream comprises hydrogen 
sulphide and optionally carbon dioxide up till 2 vol% 
hydrogen sulphide, more preferably up till 0.5 vol% 
hydrogen sulphide. In the case that larger amounts of 
hydrogen sulphide are present in the gas stream, it 
appears to be very efficient to remove the hydrogen 
sulphide (and at least part of the carbon dioxide by 
means of a washing process in which the gas stream is 
washed with a chemical and/or physical solvent, 
preferably an aqueous alkaline solution, more preferably 
an aqueous amine solution. The use of organic solvents or 
aqueous solutions of organic solvents for removing of so- 
called acidic gasses as hydrogen sulphide and optionally 
carbon dioxide and/or COS from a gas stream containing 
these compounds has been described long ago. See for 
instance A.L. Kohl and F.C. Riesenfeld, 1974, Gas 
Purification, 2nd edition, Gulf Publishing Co. Houston 
and R.N. Maddox, 1974, Gas and Liquid Sweetening, 
Campbell Petroleum Series. Preferably a regenerable 
absorbent solvent is used in a continuous process. 

On an industrial scale there are chiefly two 
categories of absorbent solvents, depending on the 
mechanism to absorb the acidic components: chemical 
solvents and physical solvents. Each solvent has its own 
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advantages and disadvantages as to features as loading 
capacity, kinetics, regenerability, selectivity, 
stability, corrosivity, heat/cooling requirements etc. 

Chemical solvents which have proved to be 
industrially useful are primary, secondary and/or 
tertiary amines derived alkanolamines . The most 
frequently used amines are derived from ethanolamine, 
especially monoethanol amine (MEA) , diethanolamine (DEA) , 
triethanolamine (TEA), diisopropanolamine (DIPA) and 
methyldiethanolamine (MDEA) . 

Physical solvents which have proved to be 
industrially suitable are cyclo-tetramethylenesulf one and 
its derivatives, aliphatic acid amides, N-methylpyrro- 
lidone, N-alkylated pyrrolidones and the corresponding 
piper idones, methanol, ethanol and mixtures of 
dialkylethers of polyethylene glycols. 

A well-known commercial process uses an aqueous 
mixture of a chemical solvent, especially DIPA and/or 
MDEA, and a physical solvent, preferably an alcohol, 
especially methanol or ethanol, cyclo-tetramethylene 
sulfone or its derivatives, or N-methyl pyrrolidone, 
preferably cyclo-tetramethylene sulfone. Such systems 
show good absorption capacity and good selectivity 
against moderate investment costs and operational costs. 
They perform very well at high pressures, especially 
between 20 and 90 bara. Preferably in the hydrogen 
sulphide removal step at least 90 wt% of the hydrogen 
sulphide based on total weight of hydrogen sulphide 
present in the gas stream is removed, preferably 95 wt%, 
especially hydrogen sulphide is removed till a level of 
less than 10 ppmv, more especially to a level of less 
than 5 ppmv. 
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The process according to the present invention may be 
carried out in a continuous mode, preferably using two or 
more reactors comprising zeolite, at least one reactor in 
an adsorbing mode and at least one reactor is a desorbing 
mode. Depending on the actual situation there may be 
combinations of two, three, four or even more reactors, 
one in absorbing mode, the others in different stages of 
desorbing mode. 

The temperature of the zeolite adsorption process is 
may vary between wide ranges, and is suitably between 0 
and 80 °C, preferably between 10 and 60 °C, the pressure 
is suitably between 10 and 150 bara. The superficial gas 
velocity is suitably between 0.03 and 0.6 m/s, preferably 
between 0.05 and 0.40 m/s. 

Beside the above described process for the removal of 
sulphur compounds from a hydrocarbon stream followed by 
regeneration of the loaded adsorbent, the invention also 
relates to a process for the regeneration of adsorbent as 
such, the process comprising the regeneration of a 
zeolite having a pore diameter of at least 5 A loaded 
with sulphur compounds by contacting the adsorbent with a 
regeneration gas. stream having a relative water humidity 
less than 100%, especially less than 80%. 

The above described regeneration processes are 
suitably carried out for a period up till 24 hours, 
preferably up till 12 hours. 

After the above described regeneration process in 
which a regeneration gas is used containing a certain 
amount of water, the regeneration of the adsorbent is 
finalised by regeneration with a dry gas stream, 
preferably a dry gas stream comprising less than 5 ppmv 
water, more preferably less than 1 ppmv water, the dry 
regeneration being carried out for a period suitably up 
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till 8 hours, preferably for a period up till 4 hours. In 
this way the adsorption capacity is fully restored. 

The regeneration process according to the present 
invention preferably uses an adsorbent comprising zeolite 
dispersed in a binder, preferably a molsieve, the zeolite 
preferably of zeolite type A or zeolite type X. Such 
materials, especially the molsieves, are commercially 
available. 

A further improvement of the process according to the 
present invention is the use of adsorbent is in the form 
of at least two beds, one bed comprising zeolite having a 
pore diameter of 5 A, preferably 3 or 4 A, the second 
and, if present, further beds comprising a zeolite 
having a pore diameter of more than 5 A, preferably at 
least 6 A, more preferably molsieve 13X. The zeolite 
having the pore diameter of 5 A removes hydrogen 
sulphide, methyl mercaptan and (if present) any water 
from the hydrocarbon stream, while the second bed removes 
all higher mercaptans and larger sulphur compounds. It 
will be appreciated that the above-indicated beds can be 
applied in one single vessel, or may be spread over two 
(or even more) vessels. Please note that the before 
mentioned bed containing the 3 or 4 A zeolite to remove 
any water upstream of the sulphur compound removal, may 
be incorporated into the above mentioned one or two 
vessels, or may be applied in an additional vessel. The 
advantage of using more than one vessel is that each 
vessel can be used at its most optimal conditions, for 
adsorption as well as for regeneration. 

The regeneration may be carried out at standard 
temperatures, pressures and gas velocities, and is 
suitably carried out at a pressure between 1 
and 150 bara, preferably 30 - 120 bara, more 
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preferably 50 - 90 bara, a temperature 
5 between 200 and 400 °C, preferably ' ^ 

between 230 and 350 °C, and a superficial gas 405) 
velocity of less than 0.20 m/s, preferably 
between 0.02 and 0.15 m/s. The regeneration gas stream 
to be used may be in principle each inert gas or inert 
10 gas mixture. Suitably nitrogen, hydrogen or a hydrocarbon 

gas stream is used, preferably a treated gas stream which 
obtained by a sulphur removal process as described above. 
The regeneration gas stream having a certain relative 
water humidity to be used in any of the above-described 
15 process may be obtained by any suitable method. For 

instance, a dry gas may be mixed with a saturated gas, or 
a dry gas stream is saturated followed by an increase of 
the temperature. Preferably the regeneration gas stream 
is a gas stream obtained by saturating the stream at a 
temperature below the regeneration temperature, 
preferably at least 50 °C below the regeneration 
temperature, more preferably 75 °C below the regeneration 
temperature, followed by heating the' stream till the 
regeneration temperature. 

The relative humidity of the regeneration gas stream 
is suitably at least 0.1%, more suitably at least 4%. 
Preferably the regeneration gas stream is a gas stream 
having a relative humidity between 5 and 60%, 
preferably between 10 and 30%. The combination of a 
relative humidity of between 5 and 60%, preferably 
between 10 and 30% is especially preferred in 
combination with a temperature between 200 and 400 °C, 
preferably between 230 and 350 °C and a 
pressure between 30 and 120 bara, preferably 
35 between 50 and 90 bara . 
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In those cases in which the temperature of the 
regeneration gas is above the condensation point of 
steam, the relative humidity is defined as the volume 
percentage of the water in the gas stream. 

The invention will now be illustrated with the 
following non-limiting examples. 

A comparison of dry and wet regeneration was made 
using cycles of adsorption and regeneration in a thermo- 
gravimetric analyser. A 13X type mol sieve was exposed 
to i-C3H7SH at 25 °C and then heated. to 300 °C. Each 
cycle of adsorption and regeneration was repeated 100 
times on the initially fresh mol-sieve. Different water 
concentrations, expressed as partial pressure of water, 
for the wet regeneration scheme have been tested in the 
"wet" regeneration process. From the results in tabel 1 
it can be seen that the sample exposed to the wet 
regeneration conditions did not deactivate as quickly as 
the sample exposed to dry regeneration conditions. 
Furthermore, it can be seen that 15Pa of water in the 
regeneration stream is as effective as 2300Pa. 

The capacity of a 4A sieve to adsorb water does not 
saturate until approximately ISOPa water. Thus, at 15Pa 
of water, the uptake capacity on the 13X sieve is still 
likely to be strongly dependent on the partial pressure 
of water. The results indicate that the molsieve 
coverage resulting from only 15Pa water in the 
regeneration stream results in sufficient water coverage 
to suppress the mercaptan decomposition. 

Table 1. Deactivation of 13X mol sieve after exposure 
to different water concentrations during wet 
regeneration. 
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50 
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